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ABSTRACT
. . .

Fundamental understanding of matter is a continuous process that should
produce physical data for use by engineers and scientists in their work. Lack
of fundamental property data in any engineering endeavor cannot be mitigated
by theoretical work that is not confirmed by physical experiments.

An engineering viewpoint will be presented to justify the need for under-
standing of matter. Examples will be given in the energy engineering field to
outline the importance of our further understanding of material and fluid
properties and behavior. Cases will be cited to show the effects of various
data bases in energy, mass, and momentum transfer, The status of fundamental
data sources will be discussed in terms of data centers, new areas of engi-
neering, and th~ r)rogressin measurement techniques. Conclusions and recok
mendations will be outlined to improve the current situation faced by engineers
in carrying wt their work.

1. lNTR~DIJCT]ON

Good theories and elegant computer rmdels can com crashing down about
our heads if tt!ereare no valid properties of materials to use with them.
This apparently obvious statement has been proven by many of us when we find
work progress halted, incorrect decisions made, or useless paper studies
published because the properties of materials were misapplied, ignored, or
simply not availahlu,

Early tr~ining of an engineer rar(’lyincludes an appreciation of contin-
uous need for progress in fundamental understanding of matter. An exposure to
llraiuedsources for physical data paints a simplified picture of reality.
Only when the engineer is confronted with a conflicting variety of sources, or
la lack of sources, for information that reality b~comes problematic.

I Consider, for a moment, the thermal conductivity of copper at 400K.
,Flgur 1 includes all the pertinent thermal conductivity data ‘:1the litera-
ture.f It !s impossible to pick a value unless a recorrmnendationis giverl
!for a c+oir,ebetween 30 and 43 U/m.K, The recormnendedvalue by the Center for
[Informationand Numrical Data Analysis and Synthesis (CINDAS) is 39.2 W/m.K.
‘The deviation from the real value cannot be mitigated by fancy thermal
analysis. HW about the thermal conductivity of lithium oxide (L1 O)?

iSuppose the heat transfer study of a ~’usion lanket required this,$
I

Lithium
I



. .

7
— x

—

-<. —-.—.

—

:

-.

—,

z!

50

48

i

\“

TEMPERATURE, K

Fig. 1. Thermal Conductivity Dat~ for Copper] 1.
I
Im

oxide in pellet form Is considered a potential blanket material for tritium
~breeding (see Fig. 2). However, nobody iIasreported any data for the thermal .
conductivity of Li O.

f
We have no choice but to estimate a value because of

~the time and budge constraints of a small study. 1.

Ue will present an ecgineerlng viewpoint to justify the need for under- ,.
standing of matter. Examples In the alternative energy sources field will
demonstrate the Importance of greater knowledge of properties of matter. Fun-
damental data sources will be discussed and recomnendhtions will be given for 1
Improved property data so that better engineering of components a~d systems Is
possible.
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Flgm 2. Isometric view of four 2-m-long RFPR reactor
modules, tncludfng the copper first wall, L120
blanket and associated h~gh-pressure steam tubes
f~dback COIIS, water shield, and toroldal coil.~

STATE OF AFFAIRS IN ENERGY FIELD

The general assurance of quality in any e~glneered component or system

L
requires accurate performance analysls that uses precise properties of-matter “
Involved and proper nmdellng of the governln physical/chemical phenomna,

!Nwadays tt Is recognized that a modeling ef ort and/ctrtesting program should
be Implemented as needed to support design engineering. Uha! Is not always
supported Is a continuous need for a better understanding of all the physical

—— ...—- .—.. ...... .— AA. .



matter in our world-; It is net always recognized that eloquent theories (or
experiments) can be no more accurate than the properties used in these theo-
ries (or in experimental analyses).s He need systematic studies and analyses
of accurate property information as science afldtechnology progress.

In the field of alternative energy sources, Ihe need for a better and
greater knowledge of properties of matter is especially acute because of the
following circumstances.

2.1. NewApplications

Old, familiar materials are being used in new applications. The first
example is the use of concrete in a vacuum environment. Recently, we coftsid-
ered concrete for a potting material for the focusing quadrapole electrc,-
magnets in a linear accelerator line.4 This work was done in support of the
-F#sion hiaterials-Irradiation Te>t Facility, --&~al-ch of the vacuum, concrete,
and reactor literature did not produce relevant data for concrete outgassing
in vacuum.

Another ex ple is the use of copper as a first-wall material in a fusion
7!reactor concept, A 20-nm-thick comer first wall was needed as a conducting

snell to prw’ide short-term eddy currents fcr stabi lizal
ona- 0.1-s time scale (see Fig. 2). Our knowledge of
tional environment of this reactor concept is severely

ion of gro:;s MHD mod=s
copper in the ~pera-
imited.

2.2. New Materials

New materials are being developed, along with new processes a,,dtech-
niques, for improving their capabilities. For example, GRAPHNOL is a bulk

~ graphite product developed for special-duty service in ballistic and other
~ types of military missiles.5 This new product is superior to conventional

graphites because of a 50% improvement In resistance to thermal shock, almost
lCO% improvement in fracture strain, a 10% ~ncrease in thermal conductivity, a
better flexure strength, and a cost which is a fraction of that for most

., carbon-carbon fiber composite materials. Potential applications include
erosion resistant llmiters, beam stops and first walls for fusion devices or
reactors, and special radiation-resistant nuclear grades for use as mderator
land reflector In high-temperature gas-cooled reactors.

.,

- 12.3, Efficiency and Reliability

I
-, The need for greater energy efficiency leads to the use of materials and

fluids very clcse to their ultimate performance limits. The melting point of
;solids or tbs boiling point of liquids are approached by design or, in prac-
tice, under off-normal conditions.

12.4. Improved Instrumentation/Methods

Improvements In Instrumentation and experimental mthods man that more
,Iccurateand comprehensive measurements of the properties of mater~als/fluids
c.m be made. New equipmnt, techniques, and models are allowing physfcal
scientists to gather more precise data,

&
hus leading to better theories on a

wide range of physical/chemical svstems. For ●xamnla thn Nntt,-nnl ~IIWnmII



‘of-”Standards(NBS) has developed a system to test the properties of materials
while they are heated to temperatures up to 3500”C (Ref. 7). The technique
provide:. more than 12~ measurements in less tha~,a second as the sample is
heated with an electric current to the 1200-3500”C range. The measurements
provide data on temperature and absorbed power, which are used to calculate
properties such as heat capacity, electrical resistance, and thermal emittance.
The measurement system will help our understanding of properties and behavior
of ‘etals and alloys, and improve prospects for using metals and alloys at
e.~vated temperatures.

Steady improvement is possible in understanding physical/chemical events
at their fundamental levels. Lasers are now being used to give higher resolu-
tion, faster, and easier-to-process spectroscopic information than is possible
with other light sources.6 Thus, previously unobtainable information on
chemical products of combustion reactions m~y now be obtained with laser in-
strumentation. In addition, better computers and better software for them are
revolutionizing the experimental Physics and chemistry fields. The availa-
bility of inexpensive computers, analytical instrumentation suitable for

. on-line remote control, and interactive graphic ternlinals are accelerating
progress in scientific and R&O efforts.8 In the future, more analytical
instrumentation will be self-calibrating and on-line with real-time graphic
systems. The experiments will be controlled with self-adaptive algorithms to
reduce the time required to understand complex systems. Also, interactive
nmdels and experimentation systems will be used for continuous data reduction
with the capability to evaluate the progress of an experiment.

Figure 3 demonstrates an application of a computer-based d;gital enhance-
ment and analjfsismethod that was developed at the Los Alamos National Labora-
tory for transmission e?ectron microscopy m;crographs.9 This method can be
used to analyze overlapping imagec and void size, number, and locatiorl. The
mthod is based on transformation of the photographic data of the TEM micro-
graphs into a digital form that can be used by a computer. Figure 3:+and 3b
are TEM micro~raphs of hiqh-purity (99.9999%) Al irradiated with 800-MeV
protons at 50 C to a dos( of 0.05 displacements per atom. Thes~ micrographs
were selected because the ‘arge contrast range made them difficult to all~lyze
using standard techniques. As shown in Fig. 3C ar,d3d, the difficulty In
printing and analyzing th~ high contrast data ilasbeen eliminated, and detects
are more identifiable.

. .

.. 12.5. Information Explosion

The “informatio,l explosion” makes it more difficult to locate relevant
data. More often tnan not, a seavch for data stops after one or two results .

-’are found or after the searcher decides he has spant enough tim looking.
‘Figure 4 shows the trend over the years in getting improved data fol”the
~thermal conductivity of liquid toluene at 2(3”Cto show that it pays to
search.li
I

?.6. New Environments

New energy technologies require materials that stand Up to increasingly -
hostile environments such as the blades for high-temperature gas turbines
driven by combustion products from f[uidized-bed coal furnaces. Also, many
measurement discret)ancies can occur when an apparatus calibration based

I .,
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Dlgltal enhancement and analysis applied to TEM
micrographs of high-purity irradiated aluminum,lo

on the current NBS thermal reference standard is extended to these env~ron-
mnts, which are different than those for which the standard was developed.lz “
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RECOI+IENDATIONS

The following reconmndations are made for consideration by the readers.

There should be a continuous and well-supported effort by recognized
experts in the field to understand the basic physical and chemical fun-
damentals behind variations in properties of matter. Basic research
needs should be reviewed regularly to assl;rerelevance. For example,
Ref. 13 was prepared as a result of a survey of a small segment of the
engineering conmnity for basic researc:l in fluid mechanics. The study
of fundamental properties may become glamorous again.

Research and development programs should include funding and sufficient
srhedullng to permit new property measurements, as needed. To do SO,
early identification of basic research needs is required. Regular
reviews and assessments can make this job easiel’. For example, Ref. 14
~e~orts how coinr)uterizationof<hemical analysis data has been used
successfully to’id.ntify several important t;ends in the occurrence of
outgassing problems in aerospace programs.

111. It is incumbent upon every researcher reporting results in the literature
to describe fully the measurenwnt technique, accuracy obtained, environ-
mental conditions at the time of measurement, and the history and condi-
tion of the sample. Critical evaluation of the data and meaningful
comparison with other measurements can be done only when al! are docu-
mnted fully. Sometimes an analysis is no better than the laboratory
making it. For example, different samples, different laboratories, and
different techn~ques have caused a controversy about the exi tence of
silica, as well as silicate, 75in the ash from Mt. St. Helens. To
standardize the type of sample being analyzed and to resolve the silica
controversy, a round-robin testing program has been organized by the
National Institute of Occupational Safety and Health.

Iv. There are several important roles to be played by the scientific and
professional sccieties. First, development of standards for reproduci-
bility and accuracy of tests is an important task of organizations such
as American Society for Testing Materials (ASTM), American National
Standards Institute, and International Standards Organization. Regul r
topical s~,lposia are used to focus on areas such as rrechanical tests. ?6

This should continue. Second, compilation and publication of property
data are carried out by organizations such as Amrican Institute of
Chemical Engineers (Design institute for Physical Properties Research),
Amrican Chemical Society and the Amrican Institute of Physics (Journal
of Physical and Chemical Reference Data), and ASTM (special technical
publications). The existence of these resources should be made known to
the scientific and engineering convnunity.

Finally, efforts at periodic compilation and succinct publication of .
property data are to be supported, applauded, and extended, wherever
possible. Particularly noteworthy are the publications “Mechanical
properties” and “Diffusion and Defect Data” by NBS. Most mnbitiou$ are “
the publications “Thernmphysical Properties of Matter” by the Thernm-
physical Properties Research Center of CINDAS at Purdue University, This -
20-year pioneerin effort is ancnumntal accomplishment comprising 13
VOlumeS with 43,6$$ data sets. Each point is fully referenced as to its
original source. Critical evaluations of much d~ta have been completed
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and more are under way. These evaluations will culmind”L~ in a “reco~
mended” figure from among the various conflicting value’ reported (see
Fig. 1).

In conclusion, we believe that while much has been accomplished, much
remains to be dor?e. Researchers of alternative energy sources must be in the
forefront of those insisting that the understanding, collection, and critical
compilation of information an properties ofinatter are carried nut at a
required level.
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